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Majorana Mass Zeroes from Triplet VEV without Majoron Problem
P.H. Frampton, M.C. Oh and T. Yoshikawa
Institute of Field Physics, Department of Physics and Astronomy,
University of North Carolina, Chapel Hill, NC 27599-3255.
It is shown how to obtain recently-proposed two-zero Majorana mass textures in models with
three Higgs triplets with small VEVs and a sufficiently massive triplet Majoron by using abelian
discrete symmetries. It is briefly discussed how in SU(5) grand unification where the triplets occur
in 15’s the neutrino textures can be related to up- and down- quark mass textures.
PACS numbers:
I. INTRODUCTION
As is well-known, in the standard model (SM)
with only left-handed neutrino fields νiL, the neu-
trinos are necessarily massless because a Majorana
mass term mijν
α
iLν
β
jLǫαβ breaks SU(2) gauge sym-
metry and is not renormalizable. Thus an extension
of the theory is necessary to accommodate the ex-
perimental observations [1, 2] of non-vanishing neu-
trino mass[3].
Keeping only left-handed neutrino fields for sim-
plicity, there is an important question of what is
the most economical extension? One simple possi-
bility is surely the Zee model[4] which adds a sin-
glet charged scalar and results at one-loop order in
a Majorana mass matrix with vanishing diagonal
entries. However, this model is now strongly disfa-
vored by the combination of SuperKamiokande and
SNO data [5, 6].
More generally, it was argued in [7] that any Ma-
jorana matrix with three texture zeroes (including
the Zee model) is strongly disfavored phenomeno-
logically. At most two such texture zeroes are per-
mitted and of the fifteen ways of assigning two ze-
roes to the six inequivalen mass matrix entries only
seven (classified as A1, A2, B1, B2, B3, B4 and C in
[7]) survive comparison with the SuperKamiokande
and SNO data.
Here we make an attempt to incorporate these
permissable textures into a model which contains
the SM Higgs doublet (H) with < H >∼ 100GeV
and one or more Higgs triplets (Tk) (k = 1,2,...)
at least some having small non-vanishing VEV. In
doing this, we must first address the well-known
problem[8] of a triplet Majoron associated with
making a non-vanishing < T > 6= 0.
Next we incorporate the two-zero textures that
are allowed phenomenologically.
Finally we discuss the interpretation in terms of
SU(5) unification where the triplet Tk fields appear
in 15k representations.
II. TRIPLET HIGGS MODEL
The triplet Higgs has Yukawa couplings only to
the Majorana neutrinos. To get a sufficiently small
neutrino mass from these interactions the vacuum
expectation value (VEV) of the triplet Higgs has
to be also very small to avoid incredibly small
Yukawa couplings. The model with such triplet
Higgs has a potential difficulty that spontaneous
breakdown of lepton number (L) will lead to a very
light pseodoscalar Nambu-Goldstone boson J (Ma-
joron) which does not agree with the experimental
width of Z decay. Thus, our model must be such
that this state J has mass greater than half the Z
mass to avoid this Majoron problem.
For the triplet Higgs, T =
(
T 1, T 2, T 3
)
, the
Yukawa coupling to left-handed lepton doublet
LL = (ν, e
−)L is
L = −fLcLσaT aLL
= −fec(T 1 − iT 2)e + fνc(T 1 + iT 2)ν
−fνcT 3e − fecT 3ν (1)
= −
√
2fecT++e+
√
2fνcT 0ν
−fνcT+e− fecT+ν. (2)
where
T++ =
1√
2
(T 1 − iT 2),
T+ = T 3,
T 0 =
1√
2
(T 1 + iT 2).
The kinetic term of the triplet Higgs is∣∣∣∣∣∂µT − i2
( √
g2 + g′2Aµ
√
2gW+√
2gW−
√
g2 + g′2Zµ
)
T
∣∣∣∣∣
2
, (3)
where
T ≡ σaT a
=
(
T+
√
2T++√
2T 0 −T+
)
. (4)
2The Z − T − T couplings are
i
√
g2 + g′2[T 0∗Zµ∂µT
0 − ∂µT 0∗ZµT 0]. (5)
In this Majoron model, to give the tiny majo-
rana neutrino mass T 0 has to get a tiny VEV. The
magnitude may be
√
∆a ∼ O(0.1)eV if the Yukawa
coupling is on order unity. Then, we can decompose
the neutral Higgs,
T 0 = u+
1√
2
(ρ+ iJ ), (6)
where u is the VEV, ρ is real part and J is the imag-
inary part. From eq.(5), the Z − T − T couplings
are
1
2
√
g2 + g′2Zµ[(∂µρ)J − ρ∂µJ ]. (7)
So on the Z decay, it is
√
g2 + g′2mz. In this case,
Z boson can decay to ρ and J because these masses
are on order of u. If so, the ratio of the partial decay
widths
Γ(Z → ρJ )
Γ(Z → νν) = 2, (8)
would mean an additional invisible width of Z. This
is inconsistent with the experimental data where the
invisible width correspond quite precisely to that
expected for three active neutrinos and leaves no
room for triplet Majoron decay.
To avoid this difficulty, we therefore need to ex-
tend the model. As methods to solve this difficulty,
we can consider three cases.
1) By Higgs mechanism, ρ and J have to be ab-
sorbed.
2) Giving a large mass to the Majorons without
VEV.
3) Giving a large mass to the Majorons with tiny
VEV.
The first case will generally produce
unacceptably-light gauge bosons.
In the second case, we may consider a scenario in
which neutrino masss arises from the radiative cor-
rections. However, to permit a diagram contribut-
ing to Majorana neutrino masses we need a trilinear
coupling µφT φ˜, where φ is the doublet higgs. When
electroweak symmetry is broken, φ has a VEV and
induces a shift in the VEV of T as shown in Fig. 1,
because the trilinear coupling contributes to a linear
term, and the small VEV for T is thus destabilized.
Hence only scenario (3) is viable, and it requires
that T has a very small VEV while J , and ρ, have
heavy masses MJ ,ρ > M(Z)/2.
V
T 0
µ〈φ〉2T
M2T 2 + λT 4
−−− >
Fig. 1
This third case which we employ has been dis-
cussed by Ma and Sarkar[9]. They induce the large
mass of ρ and J by adding lepton number violating
terms in the Higgs potential.
The most general Higgs potential of a doublet
Higgs Φ = (φ+, φ0) and a triplet Higgs T =
(T++, T+, T 0) is
V = m2φ†φ+M2T †T
+
1
2
λ1(φ
†φ)2 +
1
2
λ2(T
†T )2
+ λ3(φ
†φ)(T †T )
− λ4(iεijkφ†σiφT †jT k) + h.c.
+ µφ†T aσaφ˜+ h.c.. (9)
The important term is that with coupling µ. De-
composing it, the terms are
µ
√
2[φ0φ0T 0∗ +
√
2φ+φ0T− − φ+φ+T−− + h.c.]
(10)
The potential for neutral Higgses is
m2φ0∗φ0 +M2T 0∗T 0 +
λ1
2
(φ0∗φ0)2
+
λ2
2
(T 0∗T 0)2 + (λ3 + λ4)(φ
0∗φ0)(T 0∗T 0)
+
√
2µ(φ0φ0T 0∗ + φ0∗φ0∗T 0) (11)
In this case, the conditions for stationarizing
VEV are
m2 + λ1v
2 + λ3u
2 + λ4u
2 + 2
√
2µu = 0 (12)
M2u+ λ2u
3 + λ3v
2u+ λ4v
2u+
√
2µv2 = 0 (13)
The neutral Higgses are decomposed as follows:
T 0 = u+
1√
2
(ρ+ iJ ) (14)
φ0 = v +
1√
2
(ξ1 + iξ2) (15)
3To get the neutrino mass from the tiny VEV of the
triplet Higgs, we need a hierarchy M,µ ≫ v ≫ u.
When we assume the couplings λi are parameters
of order one, then, from eq. (13),
u ∼ −
√
2µv2
M2
(16)
If we take u ∼ O(10−1) GeV, we need M ∼
1014GeV and µ is also orderM or less. The mixing
terms between the doublet one and the triplet one
will appear by λ4 and µ terms. The mass matrices
for (ξ1, ρ) and (ξ2,J ) are respectively(
2λ1v
2 2(λ3 + λ4)uv + 2
√
2µv
2(λ3 + λ4)uv + 2
√
2µv 2λ2u
2 −√2µ v2u
)
(17)
and ( −4√2µu 2√2µv
2
√
2µv −√2µ v2u
)
(18)
Thus, the mass eigenvalues are
(ξm1 , ρ
m) ∼ (2λ1v2,−
√
2µ
v2
u
) (19)
(ξm2 ,Jm) = (0,−
√
2µ
4u2 + v2
u
) (20)
The would-be Nambu-Goldstone boson ξ2 is eaten
by Z and the would-be Majoron Jm gets a large
mass. Because of the smallness of u, the mass of
Jm will be much larger than MW if the parameter
µ is not so small value. Hence, in this case, Z boson
kinematically cannot decay to ρJ final state.
The charged scalars also get the large mass. The
masses of T+m and T++ are proportional to µ v
2
u .
In this model, the radiative mass correction is
δmν ∼ f m
2
l µ
(4π)2M2
(21)
where M is the charged triplet mass and about
1014GeV . This is at most 10−6 eV and so cannot
be the main contribution to the neutrino mass, as
it is too small to explain the LMA solution.
III. INCORPORATION OF TWO-ZERO
TEXTURES.
In [7] it was pointed out that at most two
of the six independent elements of the symmet-
ric Majorana mass matrix can vanish and the
phenomenologically-allowed possibilities were clas-
sified as A1, A2, B1, B2, B3, B4, and C respectively.
It is therefore of interest to accommodate these tex-
tures in our triplet Higgs model. To do this, we
impose on our model various discrete Zp symme-
tries which give rise to these two-zero textures in a
technically-natural manner.
The most realistic Majorana neutrino mass ma-
trix to explain the experiments for solar and atmo-
spheric neutrinos is
 δ m1 m2m1 ǫ1 ǫ2
m2 ǫ2 ǫ3

 . (22)
Here we need the mass hierarchy that ism1 ∼ m2 ≫
δ, ǫi [5, 11]. This is corresponds to Case C of the
possible zeros textures in Ref.[7] if ǫ1 = ǫ3 = 0.
For Case C [7] we need at least three triplet Higgs
Tk (k = 1,2,3) and we asign them under Z3 as fol-
lowing, ν1, ν2, ν3 → ν1, ων2, ω2ν3 and T1, T2, T3 →
T1, ωT2, ω
2T3, where ω =
3
√
1 is a generator of Z3.
Then the Majorana neutrino mass matrix is
 f11〈T1〉 f12〈T3〉 f13〈T2〉f12〈T3〉 f22〈T2〉 f23〈T1〉
f13〈T2〉 f23〈T1〉 f33〈T3〉

 , (23)
where 〈Ti〉 is the VEV of the neutral triplet Higgs.
Under a further Z2, if ν1 → −ν1, ν2, ν3 → ν2, ν3,
T1 → T1 and T2, T3 → −T2,−T3, The elements of
{22} and {33} will disappear. And by taking 〈T2〉 ∼
〈T3〉 > 〈T1〉, we can get most realistic mass matrix
which is the C type texture.
 f11〈T1〉 f12〈T3〉 f13〈T2〉f12〈T3〉 0 f23〈T1〉
f13〈T2〉 f23〈T1〉 0

 . (24)
On the other hand, we can make also the Case
B1 and Case B2. By taking 〈T2〉 = 0 without Z2
symmetry,

 f11〈T1〉 f12〈T3〉 0f12〈T3〉 0 f23〈T1〉
0 f23〈T1〉 f33〈T3〉

 . (25)
For 〈T3〉 = 0,
 f11〈T1〉 0 f13〈T2〉0 f22〈T2〉 f23〈T1〉
f13〈T2〉 f23〈T1〉 0

 . (26)
Proceeding along these lines, we can accommo-
date all the two-zero textures of [7] as indicated in
4ν1 ν2 ν3 T1 T2 T3
Z3 × Z2 (1,-1) (ω, 1) ( ω
2, 1) (1,1) (ω, -1) (ω2, -1) C
Z4 1 i -i 1 i -i C
Z4 × Z2 (1,1) (i, -1) ( -i, 1) (1,-1) (-1, 1) (i, 1) A1
Z4 × Z2 (1,1) (-i, 1) ( i, -1) (1,-1) (-1, 1) (i, 1) A2
Z3 1 ω ω
2 1 × ω2 B1
Z3 1 ω ω
2
× ω ω2 B2
Z4 × Z2 (i,-1) (1, 1) ( -i, 1) (1,-1) (-1, 1) (i, 1) B3
Z4 × Z2 (i,-1) (-i, 1) ( 1, 1) (1,-1) (-1, 1) (i, 1) B4
TABLE I: Accommodating two-zero textures of [7].
the above Table where the classification of Majo-
rana neutrino mass matrices with two zeros in [7] is
used in the final column.
The triplet T occurs naturally in the 15 of
SU(5). Although minmal SU(5) is excluded, sim-
ple generalizations are consistent with experimen-
tal constraints[12]. Under SU(5) ⊃ (SU(3)C ×
SU(2)L)Y the various SU(5) irreps decompose as
5 ⊃ (3, 1)−2/3 + (1, 2)+1 (definition)
15 ≡ (5× 5)s ⊃ (6, 1)−4/3 + (1, 3)+2 + (3, 2)+1/3
1¯5 ≡ (5¯× 5¯)s ⊃ (6¯, 1)+4/3 + (1, 3)−2 + (3¯, 2)−1/3
and the T triplet may be identified with the (1, 3)±2
occurring in 15, 1¯5.
Let us give one example of how the neutrino Ma-
jorana mass texture may be correlated with up- and
down- quark mass textures of the types discussed in
e.g. [13].
Take the example in the above table with sym-
metry Z4 × Z2 which gives the neutrino mass
texture designated A2. By subsuming this in
SU(5) with three 15’s and requiring the three 10’s
of fermions to transform as (i,−1), (1,−1), (−1, 1)
and adding five 5’s of Higgs transforming as
(1,−1), (−i,−1), (i, 1), (−i, 1), (1, 1). gives one of
the five permissable five-zero quark mass textures
in [13].
We hope to return to a more detailed analysis of
this neutrino-quark linkage in a future publication.
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